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ABSTRACT 
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Disclosed is a retrievable elastomeric stent, an apparatus for 
the insertion/retrieval of the stent and a method for insertion/ 
retrieving the stent The removable stent includes at least 
one proximal and at least one distal engagement element to 
allow the insertion/retrieval catheter to engage the stent for 
the application of axial force. The insertion/retrieval catheter 
includes a tubular body and an axially moveable guidewire, 
each ad^ted to engage the engagement elements of the 
tubular stent. When elongated in an axial direction, the stent 
is reduced in cross-sectional area. The stent can then be 
removed directly, or can fit within the tubular body of the 
extraction catheter for atraumatic removal from the treat- 
ment location. Further disclosed are configurations of the 
engagement elements to allow more precise manipulation of 
body lumen stents. 

12 Claims, 8 Drawing Sheets 
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CARDIOVASCULAR STENT AND 
RETRIEVAL APPARATUS 

The present application is a continuation-in-pait of appli- 
cation Scr. No. 08/036,995, filed Mar. 25, 1993, now aban- 5 
doned, the disclosure of which is hereby incoiporated herein 
by reference. 



BACKGROUND OF THE INVENTION 
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The present invention relates to cardiovascular stents 
which can be inserted into a body lumen. More paxticularly, 
the present invention relates to a removable cardiovascular 
stent designed to operate with an extraction catheter to 
enable easy retrieval of the implanted stent. is 

The implantation of a stent to maintain patency of a body 
lumen is well known in the art. A stent is typically a tubular 
metallic or polymeric body, which is carried on a dilatation 
catheter to a specific vascular location. In one cardiovascular 
application, a stent is mounted on a balloon catheter and 
positioned at the appropriate site within an artery. The 
balloon is dilated to expand the stent against the vascular 
wall. The balloon is thereafter deflated and removed, leaving 
the expanded stent in place in the artery. The stent may also 
be self or thermally expanding, thus, not requiring a balloon ^ 
for placement. Due to the structural integrity of the stent, the 
arterial wall is supported by the stent and prevented from 
recoUapsing. 

One shortcoming of conventional stents is that most stents 
are not designed to facilitate removal following implanta- 
tion. In an increasing number of instances, it has become 
desirable to remove a stent after implantation. Although 
some procedures have been developed to remove a stent 
from a vascular location, these methods typically require 
complex instrumentation, or expose the luminal intima to 
undesirable levels of trauma. 

For example, European Patent Application No. 0 364 420 
discloses a device for transluminal implantation or extrac- 
tion. The disclosed device is a removal catheter which 
includes an expandable jaw. The removal catheter is 
threaded into the body and positioned proximally of the 
stent. Next, the expandable jaws are pushed out of the 
catheter into an expanded distal position. The jaws are 
maneuvered along the vascular wall and arc positioned to 
engage the exterior surface of the stent. Once the jaws 
engage the stent, pressure is applied to the exterior surface 
of the stent by contracting the jaws to force the stent to 
compress to a diameter small enough to fit within the 
removal catheter. Once the stent is compressed, the jaws are 
pulled back into the catheter body with the stent contained 
within the jaws. 

One disadvantage of this extraction technique and other 
similar techniques is that tiie extraction tool, i.e., die expand- 
able jaws, must press against the vascular wall in order to 55 
engage and compress the st^L By pressing against the 
vascular wall with the extraction tool, there is an increased 
risk of further traumatizing the treatment site. In addition, by 
externally compressing the stent with the jaws there is an 
increased risk of deforming the stent in a manner which ^ 
would result in the protrusion of the stent in between the 
individual components of the jaws. The protruding portion 
of the deformed stent could potentially damage the artery 
upon removal of the stent. 

Thus, there remains a need for an improved cardiovascu- 6S 
lar stent specially adapted for radial expansion and contrac- 
tion. In addition, there remains a need for a stent manipu- 
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lation device to implant and/or remove a stent with mimmal 
trauma to the vascular wall. 

SUMMARY OF THE INVENTION 

In accordance with one aspect of the present invention, 
tiiere is provided a removable implantable cardiovascular 
stent The stent comprises a tubular body having a proximal 
and distal end and central lumen extendi:^ thereUirough. 
The wall of the mbular body may be solid such as latex or 
a synthetic polymer, microporous; or in the form of a lattice 
such as a wire me^ having a plurality of openings there- 
through. The stent is configured to permit radial expansion, 
such as under die force generated by balloon dilation, and 
radial contraction in response to axial elongation. Alterna- 
tively, the stent is radially expandable by axial compression. 
As a further alternative, the stent is self expanding such as 
through the memory of a resilient material or thermally 
activated memory metal. 

In one embodiment of the invention, a self-expanding 
tubular stent is provided for implantation within a body 
lumen. The stent is configured to reversibly radially expand 
from a first insertion diameter to a second enlarged 
implanted diameter. The stent is also capable of radial 
reduction firom the second enlarged diameter to a smaller 
retrieval diameter upon axial elongation thereof. 

Preferably, the stent comprises a tubular body of an 
elastomeric material such as latex. The tubular body is 
provided with a proximal end, a distal end and a central 
lumen extending axially thereUuougb. At least a first 
engagement element is provided near tiie proximal end of 
the tubular body and at least a second engagement element 
is provided near die distal end of the tubular body for 
engagement by die implantation and removal catheter 
described below. 

In accordance with a further aspect of the present inven- 
tion, there is provided an insertion and retrieval catheter for 
use with a self-expanding elastomeric stent There is further 
provided a method of implantation of an elastomeric tubular 
stent, and a method of retrieving a tubular stent from a 
treatment site within a body lumen. 

These and oUier features and advantages of the present 
invention will become apparent from the detailed descrip- 
tion of preferred embodiments wtdch follows, when con- 
sidered together with the attached drawings and claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross sectional view of an embodiment of the 
stent of the present invention positioned wiUiin a body 
lumen. 

FIG. 2 is an end view of the embodiment of the stent of 
the present invention positioned within a body lumen as in 
FIG. 1. 

FIG. 3 is a cross sectional view of another embodiment of 
the stent of the present invention positioned within a body 
lumen. 

FIG. 4 is a partial perspective view of an embodiment of 
tiie extraction catheter of tiie present invention having two 
expandable extraction halos in an expanded position. 

FIG. 5 is a partial perspective view of the embodiment of 
the extraction catheter illustrated in FIG. 4 with the expand- 
able extraction halos in the retracted position. 

no. 6 is an end view taken through the line 6 — 6 of the 
extraction catheter of HO. 5. 
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FIG. 7 is a side elevadonal cross sectional view of the 
catheter illustrated in FIG. 4, in the contracted positioa 

FIG. 8 is an elevational cross sectional view of the 
catheter of FIG. 7, positioned within an implanted stent 

HG. 9 is a cross sectional elevational view as in 

FIG. 8, with the inner tube distally extended. 

FIG. 10 is a cross sectional elevational view as in FIG. 9, 
with the guidewire extended. 

FIG. 11 is an elevational cross sectional view as in FIG. 
10, with the proximal and distal engagement stnictuies 
engaged, and the stent radially reduced. 

FIG. 12 is a partial cross sectional view of an elastomeric 
tube embodiment of the stent of the present invention 
positioned within a body lumen. 

FIG. 13 is cross-sectional view of the stent of the present 
invention taken through the line 13 — 13 of the stent of FIG. 
12. 

FIG. 14 is a cross-sectional view of an engagement 
element taken through the line 14 — ^14 of FIG. 13. 

FIG. 15 is a partial perspective view of an embodiment of 
the retrieval catheter of the present invention having four 
proximal spring elements and four distal spring elements. 

FIQ. 16 is an elevational partial perspective view of an 
alternate embodiment of an engagement element and corre- 
sponding embodimem of a spring element with attached 
contact surface. 
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DETAILED DESCRIPTIGN OF PREFERRED 
EMBODIMENTS 
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Inferring to FIG. 1, there is disclosed a representation of 
a radially expandable and compressible stent 10. Stent 10 is 
illustrated in its expanded position at a treatment location 
adjacent vascular wall 12 in an artery 13, in accordance with 
one aspect of the present invention. Stent 10 comprises a 
generally tubular body 14 with a central lumen 15 extending 
between pro;dmal end 16 and distal end 18. Although the 
stems and catheters are described herein in the context of ^ 
cardiovascular applications, they are readily useable in any 
body lumen or hollow organ as will be appreciated by one 
of skill in the art. 

The stent 10 can be balloon expandable, self expanding, 
thermally expandable or expandable by other means and still 
incorporate the inventions described herein. Metal mesh or 
woven walled stents are well suited for expansion on a 
dilation catheter, as discussed infra. Alternatively, tubular 
stents formed from flexible non-metal materials such as 
elastomeric polymers or mbbcr Qatex) can also be radially 
reduced by axial elongation in accordance with the present 
invention. Polymeric stents can be provided with relatively 
fluid impenetrable walls, or porous walls such as to allow 
drug deUveiy, as will be apparent to one of skill in the ait 

In the illustrated embodiment, stent 10 has a lattice 
structure 20 with a plurality of openings 22 therethrough. 
This design facilitates radi^ expansion of tubular stent 10 
from a first insertion diameter to a second expanded diam* 
eter, and radial reduction by elongating the tubular stent 10 
along its longitudinal axis. 

Preferably, the lattice comprises a braided or woven wire 
mesh. For example, mesh woven from 0.005 inch diameter 
stainless steel or other deformable (malleable) material, such 
as gold wire in a weave pattern much like the outer con- 
ductor of coaxial electrical cable may be used. Alternatively, 
a lattice pattern can be stamped or cut from flat sheet stock 
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and rolled and soldered or brazed to produce an unexpanded 
stent As will be apparent to one skilled in the art, a variety 
of lattice patterns can be devised which meet the functional 
criteria described herein. Therefore, the illustrated lattice 
stmcture 20 should be considered exemplary only. 

Preferably, stent 10 is made of a design and/or material 
which is sufficienUy strong to maintain the expanded diam- 
eter of the stent 10 against compressive forces exerted by the 
vascular wall 12. At the same time, the material should be 
sufficiently malleable or loosely woven to reversibly expand 
and contraa betwe^ the insertion diameter and the desired 
expanded diameter. 

A number of materials have sufficient strength and mal- 
leability to form the mesh-like lattice structure 20 of the 
stent 10, i.e., some common metals, alloys, composite 
materials and plastics. Stent 10 is preferably also made from 
materials which have at least , a biocompatible exterior 
surface. Most preferably, the stent comprises a homoge- 
neous material throughout, such as stainless steel or gold. 
Use of a radiopaque material or marioer facilitates proper 
placement and removal. 

Biocorapatibility can be enhanced by applying any of a 
variety of coatings to the surfaces 24 of the stent 10. The 
processes for applying a biocompatible coating are known in 
the art. In addition, other coatings, such as to promote or 
inhibit tissue ingrowth or inhibit thrombus formation, can 
also be applied as will be understood by one of skill in the 
art. 

In a preferred embodiment, the interior and exterior walls 
of stent 10 are enclosed in a thin polymeric envelope 25. The 
interior portion of polymeric envelope 25 is illustrated in cut 
away fashion m FIG. 1 and FIG. 13 and is deleted from the 
remaining Figures for clarity. The exterior portion of enve- 
lope 25 is illustrated in FIGS. 1 and 2. 

Suitable envelope materials include elastic materials such 
as latex and others that can be readily selected by one of skill 
in the art Polyethylene or PET or other envelopes with or 
without an outer silicone or PTFE coating can be preformed 
with ridges or indentations on the interior surface to accom- 
modate the projections 26. In general, biocompatible mate- 
rials which can tolerate expansion of the stent between the 
insertion diameter and expanded diameter can be used. 

The envelope may be produced, for example, by inserting 
the stent into a preformed tubular envelope having one open 
end and sealing the envelope closjed, or other techniques 
within the skill la the art. One such envelope can be readily 
formed by inserting a first end of a tubular sleeve back inside 
of the tube and advancing it through the tube to the second 
end of the tubular sleeve. After insertion of the stent, the 
open end of the envelope can be sealed in any of a variety 
of ways known in the art 

The exterior surface of the envelope which will contact 
the arterial wall is optionally made porous to enable the 
release of drags from the envelope and/or stent 10 to the 
treatment site. Advantageously, the stent permits drug deliv- 
ery direcUy to a preselected site in a body lumen. Hie 
envelope can act as a reservoir and be fllled with a medi- 
cation prior to implantation at the desired treatment location. 
Preferably, the drugs are released when the stent 10 is 
expanded to its implanted diameter. During the expansion of 
the stent 10, the diameter of the pores of the envelope are 
expanded and pressure is applied to the mediation enabling 
the drug to escape into the vascular wall 12. Alternatively, 
the stent can be provided with a solid drug carrier such as an 
impregnated porous solid wall or sponge for timed drug 
delivery. 
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In a non-drag ddiveiy embodiment, the polymeric cover 
on stent 10 can siznilariy take the form of an enclosed 
envelope such as a tube within a tube which is heat sealed, 
solvent bonded or otherwise secured at each end. Alterna- 
tively, a mbular sheath surrounding only the outer circum- 5 
ference of stent 10 will also accomplish the adhesion inhi- 
bition discussed in&a. The tubular sheath can be made from 
an elastic material such as latex, which will expand with the 
stent, or of a relatively inelastic material such as PET or 
other conventional balloon material which is preformed in 
the size of the implanted (expanded) stent. In general, any of 
a variety of materials or configurations of an outer sheath or 
envelope which will provide an adhesion inhibiting layer 
between the stent and the vascular wall is desired. Prefer- 
ably, the polymeric cover additionally covers the inner wall 
of the stent to also minimize flow mrbulence or thrombus 
formation sites. 

Angioplasty, whether performed by balloon, lasers or 
atherectomy devices creates a wound in the enlarged arterial 
wall. When a wound is created in the body, healing action 20 
starts immediately and may continue for a week or more. 
The healing action includes thrombi, cell formation and scar 
tissue. 

One purpose of the temporary stent 10 is to modify the 
healing response to prevent re-occlusion of the artery (res- 25 
tenosis). 

One problem of bare open meshed stents is that the 
healing reaction penetrates the interstices of the mesh, 
making the removal, even with the relatively atraumatic 
method disclosed herein, inherently harmiiil to the intima, ^ 
even after a short stay. 

The provision of a smooth polymeric cover or envelope 
around the mesh is, in part, to prevent thrombus and scar cell 
formations from penetrating the interstices of the mesh, 
which would'cause trauma upon removal of the stent 10. Use 
of the smootii cover disclosed herein promotes formation of 
a thin film covering the arterial wound and adhering as litUe 
as possible to the stent. 

For the above reasons, even the expanded pores for drug ^ 
delivery should be small enough to minimize or prevent cell 
penetration, but large enough for drug delivery. Fortunately, 
liquid drug molecules are usually much smaller than cells, 
potentially by as much as 1:1000. Preferably, the stent is 
longer tiian the treated wound, thus preventing healing cells 
from moving around the end edges of the stent 

The wall thickness of the stent 10 may vary depending on 
the required application. The wall thickness of die stent 10 
should be sufficient when the stent 10 is in its expanded 
configuration to withstand radially inwardly directed force 50 
exerted by the vascular wall 12. However; the wall should be 
sufficiently thin for a selected construction material to 
enable the stent 10 to be expanded by a conventional balloon 
catheter and contracted by an extraction catheter of the 
present inventioiL In addition, the stent should exert suffi- 55 
cient pressure against the arterial wall to minimize or 
prevent migration away from the treatment site. The optimal 
balance of wire diameter and tightness of the weave can be 
determined through routine experimentation by one of skill 
in the art. 50 

Typically, the wall thickness of the stent 10 will be no 
more than about 0.015 inches and no less than about 0.005 
inches for a woven wire stent made from stainless steel and 
having an unexpanded diameter of about 0.030 inches. In 
some cases a wall thickness less than about 0.005 inches 65 
may be desired. In addition, some instances may require a 
wall thickness of greater than about O.OIS inches, but may 
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be difficult to radially contract for extraction. 

The wall thickness will generally be substantially uniform 
Uiroughout the axial length of the stent 10, particularly in the 
case of woven wire stents. However, the wall thickness on 
the medial portion of the stent 10 may be different from the 
wall thickness at the proximal and/or distal ends 16, 18 of 
the stent 10, such as in the case of stamped or rolled stents, 
to affect tiie inflated configuration or strength profile of the 
stent 

The insertion diameter and axial length of tiie stent 10 will 
vary with the specific intended applicatioa One skilled in 
the an will be readily able to choose Uie appropriate inser- 
tion diameter of the stent 10 depending on the diameter of 
tiie artery 13 to be treated and die maximum expandable 
diameter of tiie stent 10. The location of tiie treatment site 
and tiie desired percentage of restored flow will influence the 
necessary expansion characteristics of the stent. 

Atypical stent 10 is able to expand to at least about 300% 
of its insertion diameter and preferably, to as much as 400% 
or more of its insertion diameter. Optimally, the clinician 
will choose a stent such that the stent 10 will be expanded 
to an implanted diameter which is between about 200% and 
500% of the insertion diameter. The implanted diameter will 
typically approximate tiie native diameter in tiie absence of 
the stenosis, which is on the order of about 2.5 mm to about 
3.5 mm in the coronary artery. Peripheral arteries generally 
have a native interior diameter witiiin the range of from 
about 3 mm to about 10 mm (iliac) with tiie femoral at about 
6 mm. 

Funher, the clinician will select a stent 10 having an axial 
lengtii tiiat will suffidentiy support the treatment site on the 
vascular wall 12. The axial length of tiie stent 10 for 
coronary artery applications will typically be in die range 
from about 1 cm to about 3 cm. In peripheral vascular 
applications, stent lengths witiiin tiie range of from about 1 
cm to about 5 cm are to be expected in most cases, although 
the length may vary considerably from case to case depend- 
mg upon the anatomy and the underiying etiology at the 
treatment site. It may also be desired to implant two or more 
short stents end to end such as in a remote stenosis which 
may be difficult to reach with a longer stent due to its 
relatively low bcndability, or to permit continued perfusion 
through a branch artery exiting between two adjacent stents. 

The stent 10 of tiie present invention includes at least a 
proximal (FIG. 3) and in another embodiment also a distal 
(FIG. 1) engagement member spaced axially apart along the 
length thereof. The engagement members can assume any of 
a variety of physical configurations, so long as they enable 
the removal catiieter to accomplish an axial elongation of tiie 
implanted stent. Preferably, the engagement members are 
elastically deformable radially outwardly, or otiierwise pro- 
vided witii smooth surfaces so that tiiey will not puncture a 
dilatation balloon. 

One example of a shape of the engagement members of 
the present invention is a hook like shape as illustrated in 
FIG. 1. However, otiier applicable sh^)es of tiie engagement 
members may be chosen by one skilled in tiie art For 
example, any of a variety of rigid or moveable radially 
inwardly biased ramp stmctures can also readily be used. 
Extensions of integral wire segments in a woven wire stent 
can also be used as will be apparent to one of skill in tiie art. 

Engagement members, such as projections 26, are secured 
to tiie lattice structure 20 of tiie stent 10 witii sufficient 
stmctural integrity to enable a sufficient axially extending 
force to be applied to the engagement members to stretch tiie 
length of the stent 10 witiiout causing the engagement 
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members to disengage from the stent 10. Engagement mem- 
bers, such as projections 26. may be integrally formed with 
the lattice structure 20, or they may be secured to the lattice 
using attachment techniques known in the art, such as 
brazing, soldering, solvent bonding, spot welding, or others, s 
as appropriate for the construction material of the stent. 

In the embodiment of the stent 10 illustrated in FIG. 1, the 
opposing sets of engagement members comprise one or 
more inwardly extending projections 26 at each axial end 
thereof. Preferably, two to five or more inwardly extending iq 
projections 26 are positioned on each end of stent 10. The 
projections 26 are generally radially synmietrically posi- 
tioned about the circumference of Uie stent. See FIG. 2. 
However, alternative positioning of the projections 26 aie 
possible as will be recognized by one skilled in the art 15 

More than one projection 26 at each end are generally 
desired. Greater than about five projections 26 per end may 
also be used. However, much more than about three or four 
projections 26 may undesirably inted'ere with the effective 
flow area of the arterial lumen or produce undesirable 20 
mrbulence in the blood flow. 

In the embodiment shown in HG. 1, each of the piuximal 
and distal ends 16, 18 of the stent 10 has the identical 
number of radially inwardly extending projections 26. How- 
ever, in some cases, it may be advantageous for the proximal 25 
and distal ends 16, 18 of the stent 10 to have a different 
number of projections 26 in order acconmiodate particular 
embodiments of the removal catheter. 

FIG. 3 illustrates an alternative embodiment of the car- 
diovascular stent 30, implanted against the vascular wall 12 
of an artery 13. Radially inwardly extending projections 26 
are only provided on the proximal end 16 of the stent 30. In 
the present context, "proximal" and "distal" shall be deter- 
mined with reference to the removal catheter, and not 
necessarily to the arterial anatomy. 

The cardiovascular stent 30 has a generally tubular body 
as described above. However, the stent 30 is seated on the 
dilatation balloon such that the proximal end 16 of the stent 
30 extends proximally beyond the proximal end of the ^ 
balloon. When the balloon is inflated, the proximal end 16 
of the stent 30 is not fiilly expanded, thus resuldng in the 
smaller diameter at proximal end 16 as illustrated in FIG. 3. 
Alternative means for providing a reduced proximal diam- 
eter can also be used, such as providing a stent with a 
nonexpandablc proximal section, greater wall thickness, or 
others that can readily be devised by one of skill in the art. 

In this embodiment, the proximal end of the tubular stent 
has a sufficiently reduced diameter that it inclines radially 
inwardly away from the vascular wall. The diameter of the 50 
installed stent at its most proximal end is sufficiently small 
that it will fit within the central lumen of a tubular catheter, 
such as will be described infra. In one embodiment, the 
distal end of the central lumen of the removal catheter is 
flared radially outwardly to more easily receive the stent as 55 
will be appreciated by one of skill in the art. 

Removal of the stent is accomplished by engaging the 
proximal end of the stent within the removal catheter and 
grasping the projections 26 as will be discussed. Projections 
26 are pulled axially in the proximal direction, causing a 60 
radial reduction in the size of the stent at the point the stent 
enters the smaller diameter of the lumen in the tubular 
extraction catheter. The extraction catheter is preferably 
gradually advanced distally over the entire length of the 
stent so that the stent is forced to a reduced diameter to fit 65 
within the catheter. The catheter and stent can then be 
removed from the vascular site. 
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A second aspect of the present invention comprises an 
extraction catheter 50 for use with the cardiovascular stent 
10 of the present invention. See FIGS. 4-7. The catheter 50 
preferably includes an elongate tubular body 52 having a 
contact surface 54 for contacting the proximal engagement 
structure on the stent A moveable member, such as a 
guidewire 56 is provided with an opposing contact surface 
58 for contacting the distal engagement members of the stent 
10. When the guidewire 56 travels in an axial direction away 
from the tubular body 52, the stretching force apphed to the 
stent 10 will cause the stent 10 to become elongated, and 
simultaneously reduced in diameter for removal. Optionally, 
an outer tubular body 60 is also provided to assist in both the 
placranent of the catheter, and atraumatic removal of the 
contracted stent 

Referring to FIGS..4-7, the contact surface 54 on one 
embodiment of the extraction catheter SO is provided on the 
proximal surface of an engagement structure such as a 
radially outwardly extending annular ring or halo 62 for 
engaging the proximal engagement members of the stent 10. 
Halo 62 is preferably supported by one or more spokes 63 
which may be similar to spokes 68 discussed infra. 

Any of a variety of alternative support structures for 
supporting a contact surface 54, such as an annular flange, 
plurality of radial spokes or others can be used as will be 
apparent to one of skill in the art For example, the halo 62 
or a radial flange can extend less than the entire circumfer- 
ence of the catheter Alternatively, a pluraUty of discrete 
structures such as ramps which incline radially outwardly in 
the proximal direction and are resiliently deflectable can 
provide a useful ratchet like locking structure. 

In general, the annular halo 62 or flange is preferred 
because of manufacturing convenience and because it does 
not require any pardcular rotational alignment. In the annu- 
lar flange embodiment, the flange is preferably deflectable in 
the proximal dfrection yet sufficiently resistant to distal 
pressure to permit inserdon into the stent and also accom- 
plish the deshed result as will become apparent. The halo 62 
or flange is preferably formed from a high tensile strength, 
soft and easily bondable material such as nylon. Additional 
construction parameter are discussed infra. The annular halo 
62 can extend from about 0.010 inches to about 0.050 inches 
or greater beyond the outer radius of the tubular body 52. 
depending upon the diameter of the intended artery and 
diameter of die catheter. 

An elongate central lumen 64 extends throughout the 
mbular body 52 for axially movably receiving an ^traction 
guidewire 56. The extraction guidewire 56 generally com- 
prises a flexible central rod or spring coil provided with a 
second annular halo 66 suspended from the guidewire 56 by 
a series of spokes 68. The guidewire 56 may comprise any 
of a variety of guidewires known in the art Most preferably, 
guidewire 56 comprises a steerable guidewire su(£ as any of 
those disclosed in U.S. Pat No. 5.108.368 to Hanunerslag et 
al. and entiUed "Steerable Medical Device", the disclosure 
of which is incorporated herein by reference. 

The annular halo 66 and spokes 68 are flexible to accom- 
modate bending or compression to fit within the lumen 64 as 
illustrated in FIG. 5. Therefore, the material which makes up 
these elements is preferably sufficiently elastic to return to 
its expanded shape after being stored in its compressed state 
within the lumen 64. However, the material must also be 
strong enough to transfer sufficient longitudinal elongation 
force to the stent 10. 

A number of materials can be used to form the halo 62, 66 
and the spokes 63, 68 of th^ extraction guidewire 56, as will 
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be recognized by one skilled in the art. For exan^jle, either 
of the elements may be made from metal wire, a polymeric 
material such as nylon or the like. In addition, the same 
material or different material may be used to make the halo 
62, 66 and the spokes 63, 68, as long as the material chosen 5 
for each meets the above criteria. Further, it may be desirable 
that the material chosen be radiopaque. In one embodiment, 
the halo is formed from a soldered ring of stranded wire such 
as seven strands of 0.0005 inch diameter stainless steel wire 
having a total diameter of about 0.0015 inch, obtainable 
from Fort Wayne Metals, Fort Wayne, IN. 

Preferably, the stock of halo 62, 66 is between about 0.001 
inches and 0.005 inches in diameter. A thickness less than 
about 0.001 inches can be used, however, the ring may not 
be strong enough to transfer the required force to elongate is 
the stent 10. In addition, thicknesses greater than about 
0.005 inches may be used. However, if the thickness 
becomes too large, undesired conditions may occur such as 
inadequate flexibility during the implantation or extraction 
procedure. 20 

Preferably, the spokes 68 are made of spring hardness 
stainless steel. Spokes 68 are of sufficient length and resil- 
ience to bias the halo 66 against the interior surface of the 
stent such that the contact surface 58 of the halo 66 contacts 
the distal projections 26 of the stent 10 when the halo 66 is 25 
in the extended position. The spokes 68 can be anywhere 
from 0.010 inches to 0100 inches or more in length depend- 
ing on the diameter of the stent 10 and the length of the 
projections 26. The spokes 63, 68 are preferably between 
0.020 and 0.050 inches in length for use with a typical 0.130 30 
inch inflated diameter coronary stent 10. 

As illustrated in FIGS. 5-7, the halo 66 and spokes 68 of 
the guidewiie 56 are bent into a radially restricted position 
when the guidewiie 56 is positioned within the central 
lumen 64. The halo 66 is designed such that it can be radially 3S 
compressed to be stored within the lumen 64 of the tubular . 
body 52, and then automatically expand radially outwardly 
upon axial displacement beyond the distal end of centrd 
lumen 64. For example, referring to FIG. 5, each of the halos 
62 and 66 can be reduced in radial diameter by bending into ^ 
a sine wave configuration which will permit the diameter of 
both the tube 52 and the outer mbe 60 to be minimized. 

In addition, the halos 62 and 66 can be collapsed radially 
Inwardly with the spokes 63 and 68 inclining in either the 
proximal or distal direction. Referring to FIG. 7, a preferred 
packing arrangement is disclosed. In the illustrated embodi- 
ment, the spokes 68 on guidewire 56 are inclined in the 
proximal direction, while spokes 63 on inner tube 52 are 
inclined in a distal direction. This configuration has been 
determined to conveniently facilitate a radially inwardly 
directed force upon the application of axial stretching force 
on the stent, as will apparent to one of skill in the art 

As will be apparent to one of skill in the art a number of 
designs for the halos 62, 66 and spokes 63, 68 are possible 
which will provide a nutial outward bias. Ihe annular halos 
62, 66 and spokes 63, 68 design should be considered as 
only one of a number of possible embodiments which would 
achieve the above described function. 

Using the above described removal catheter 50, several 50 
procedures can be used to remove the stent 10 of the present 
invention, as will be apparent to one of skilled in the art. 
Some exemplary procedures that can be used are described 
below, however, many variations on these procedure will be 
possible depending on the exact stent and catheter design. 55 

In accordance with the method of the present invention, 
the stent 10 is inserted into an artery 13 using a conventional 
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balloon catheter insertion procedure. In general, a stent 10 is 
positioned on a deflated dilatation balloon. Preferably, a 
stent 10 of the type illustrated in FIG, 1 is positioned on the 
balloon such that an equal force will be distributed through- 
out the length of the stent 10 when the balloon is inflated. 
Depending upon stent design, the stent 10 may be gently 
pulled in a longitudinal direction causmg the diameter of the 
stent 10 to contract and remain in contact with die deflated 
balloon. 

The balloon is then navigated distally and positioned at 
the treatment site using procedures well known in the art. 
The balloon is inflated, thereby expanding the stent 10 
radially outwardly until it contacts either a previously 
dilated, or presently stenosed wall. The balloon may be 
further expanded to force the stent 10 and a stenosed 
vascular wall 12 until it reaches a desired enlarged diameter. 
A balloon may be used which has two or more annular 
recesses to acconunodate projection 26. Balloons made of 
PET are paiticulBrly suitable for this kind of construction. 

Thus, the stent can be inserted following a dilatation, or 
the stent can be inserted on the dilatation balloon to simul- 
taneously accomplish dilatation and stent implantation. If 
the elastic jacket of stent 10 has been impregnated with a 
drug, the expansion of the stent su^etches the pores of the 
elastic jacket and conmiences or enhances the delivery of 
drugs to the treatment site on the vascular wall 12. 

The balloon is thereafter deflated, and removed from the 
body using conventional techniques. The stent 10 remains in 
its expanded position due to the design of the lattice stmc- 
ture 20 of the stent 10. 

An exemplary but nonexclusive procedure used to extract 
a stent 10 of the type illustrated in FIGS. 1-2 with an 
extraction catheter 50 as illustrated in FIGS. 4-7 is described 
below with reference to FIGS. 8-11. Referring to FIG. 8, the 
extraction catheter 50 is navigated to a location proximal to 
die stent 10 using standard angioplasty catheter advance- 
ment procedures. Hie distal end 61 of outer tube 60 is 
advanced into the lumen IS of stent 10, and positioned 
between the proximal and distal sets of projectioos 26. 

Following positioning of the catheter 50 as illustrated in 
FIG. 8, either of the guidewire 56 or the inner tube 52 is 
advanced distally into the stent. Referring to HG. 9, there is 
illustrated an embodiment of the method in which the inner 
tube 52 is advanced a suf&cient distance into the stent so that 
the halo 62 is released from the outer tube 60. Halo 62 
expands radially outwardly under tiie bias exerted by the 
halo 62 and spokes 63. 

Either simultaneously or sequentially thereafter, the 
guidewire 56 is advanced a sufiBcient distance distally so that 
the halo 66 is released from the distal end of the inner tube 
52. Halo 66 similarly expands radially outwardly to inter- 
cept the distal engagement structures on the stent 10, 

The halo 62 is thereafter seated in the proximal projec- 
tions 26 as illustrated in FIGS. 10 and U, and die halo 66 is 
seated in the distal projections 26. The guidewire 56 is then 
advanced distally with respect to the inner tube 52, tiiereby 
axially elongating the tubular stent 10 and reducing its cross 
sectional area. See FIG. 11. As will be understood from the 
Figures, the very action of puUing on the spokes in the 
direction opposite in which they are deflected creates an 
inward pull on the halo, and hence the stent, aiding the 
contraction effect on the stent through elongation. 

Axial elongation is continued until the diameter of the 
stent 10 is sufficientiy reduced for removal from the vascular 
site. In one embodiment of the method of the present 
invention, the tubular body 52 witii the stent engaged 
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thereon is advanced into the distal end of the outer tube 60 
to mininiize trauma to the vascular intima during withdrawal 
of the catheter from the body. 

A variety of modifications to the stent and structure can be 
made, wi^out departing from the method of the present 
invention. For example, the inner tube 52 can be provided 
with two or more radially outwardly biased halos such as 
halo 62, for engaging multiple sets of projections 26 within 
the tubular lumen of the stent 10. This may be desirable to 
assist in the collapse of particularly long stents. In one 
modification of the present invention, a third set of projec- 
tions 26 is provided midway between the proximal projec- 
tions and the distal projection. A second halo 62 is provided 
on the inner tube 52, and spaced apart from the first halo 62, 
so that each of the two halos 62 on the inner tube 52 and fht 
halo 66 on the guidewire 56 is adapted to engage a unique 
set projections 26 on the stent 10. In this manner, a radially 
inwardly directed force can be generated at a midpoint in the 
stent, to facilitate radial collapse. 

In accordance with a fiirther aspect of the present inven- 
tion, there is provided a method for removing an implanted 
stent 30 of the type illustrated in FIG. 3. The removal 
catheter for use with the stent illustrated in FIG. 3 comprises 
an outer tubular body 60 as illustrated in FIG. 4, together 
with a guidewire 56 having an annular halo 66 thereon. The 
inner tube 52 and the halo 62 is not necessary for this 
embodiment. 

The implanted stent of FIG. 3 is approached for removal 
from the proximal end 16 thereof. The outer tube 60 is 
advanced distally so that the distal end of the outer tube 60 
surrounds the proximal tapered portion of the stent 30. 

The guidewire 56 is thereafter advanced distally so that 
halo 66 travels through the opening in the proximal end 16 
of the stem 30, and beyond projections 26. Distal travel of 
the halo 66 beyond projections 26 can be accomplished 
either by a resilient deflection of the halo 66 and/or projec- 
tion 26, or by the use of an inner tube such as 52^ however 
which is not provided with a halo 62. 

Once the halo 66 is disposed distally of the projections 26, 
proximal traction on the guidewire 56 will seat the halo 66 
within projections 26, and tend to pull the stent into the outer 
tube 60. Continued traction on the guidewire 56 with respect 
to the outer tube 60 will draw the stent within the outer tube 
60, by a radial compression of the stent as it enters the distal 
opening on outer tube 60. TVauma to the vascular intima can 
be minimized by gradually advancing the outer tube 60 in a 
distal direction while maintaining traction on the guidewire 
56 such that the expanded stent is not displaced axially 
within the artery. Once the stent has been fully drawn into 
the outer tube 60, outer tube 60 can be withdrawn from the 
body. 

The removal catheter disclosed herein can also function as 
an insertion catheter, such as for use with self expandable 
stents. For example, stents formed from flexible non-metal 
materials such as elastoraeric polymers or rubber, such as 
latex, are installed onto the removal catheter prior to inser> 
tion into the patient. The removal catheter is manipulated to 
axially elongate the tubular stent, thereby producing a radial 
reduction thereof. In a catheter embodiment such as that 
illustrated in FIG. 4, the stent may further be withdrawn 
within the tube 60, for positioning within the patient 

Once the stent has been positioned at the treatment site, 
axial elongating tension is released, and it is permitted to 
radially expand against the lumen wall. Thereafter, the 
annular halos 62, 66 or corresponding structure of the 
removal tool are withdrawn within the tubular body, so that 
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they may be proximally withdrawn from within the 
implanted stent. For example, guidewire 56 may be proxi- 
mally withdrawn into iimer tube 52, and thereafter inner tube 
52 is proximally withdrawn to bring halo 62 within outer 
mbe 60. In this maimer, the distal end of the removal catheter 
50 can be withdrawn from the implanted stent without 
engaging the proximal engagement members thereof. The 
same stent can thereafter removed, such as in a subsequent 
procedure, in accordance with the methods described pre- 
viously. 

In accordance with a further aspect of the present inven-. 
tion, there is disclosed a radially expandable and compress- 
ible elastomeric stent. Referring now to FIGS. 12-14, stent 
510 is illustrated in its expanded position at a treatment 
location adjacent vascular wall 512 in an artery 513. Stent 
510 comprises a generally tubular body 514 with a central 
lumen 515 extending between proximal end 516 and distal 
end 518. 

In the embodiment illustrated in FIGS. 12-14, the stent 
510 comprises a material which allows radial expansion of 
tubular stent 510 from a first insertion diameter to a second 
expanded diameter, and radial reduction by elongating the 
tubular stent 510 along its longitudinal axis. Preferably, the 
native configuration of the stent is its second, expanded 
diameter and insertion is accomplished by axial stretching as 
will be discussed. In this manner, the stent tends to sedc its 
desired implanted conflguratioa 

Suitable materials include elastomeric polymers or natu- 
ral rubber Qatex). One preferred material is Krayton flM), 
available from Western Rubber and Supply (Haywood, 
Calif). Polymeric stents can be provided with relatively fluid 
impenetrable walls, or porous walls such as to allow drug 
delivery, as will be apparent to one of skill in the art 
Alternatively, stents that are balloon expandable, thermally 
expandable or expandable by other means m^ still incor- 
porate the catheters and engagement structures for retrieval 
described herein. 

Preferably, stent 510 is made of a design and material 
which is sufficiently strong to maintain the expanded diam- 
eter of the stent 510 against compressive forces exerted by 
the vascular wall 512. At the same time, the material should 
be suf&ciently malleable or elastic to reversibly expand and 
contract between the insertion diameter and the desired 
expanded diameter. Stent 510 is preferably also made from 
materials which have at least a biocon^iatible exterior 
surface. 

Biocompatibility can be enhanced by applying any of a 
variety of coatings to the surfaces 524 of the stent 510. In 
addition, other coatings or manufacturing techniques may 
promote or inhibit tissue adhesion, inhibit thrombus forma- 
tion or provide smooth surfaces, as will be understood by 
one of skill in the art. 

In a preferred embodiment, both the interior and exterior 
surfaces of stent 510 are coaled to impart properties dis- 
cussed above. The embodiment illustrated in FIG. 13 shows 
a single interior coating 527 and a single exterior coating 
529. Alternately, only the interior or exterior surface of stent 
510 alone could be coated, or multiple coats of the same or 
different material could be used on the interior or exterior 
surface of stent 510. No coating at all may be desired for 
certain applications. 

Suitable coating materials include elastic materials such 
as polyethylene or PET or other materials that can be readily 
selected by one of skill in the art In general, any biocom- ' 
patible material which can tolerate expansion of the stent 
between the insertion diameter and treatment diameter can 



03/06/2004, EAST Version: 1.4.1 



5,474,563 



13 



14 



be used. However, a non-biocompatible material may be 
used as one of multiple coatings where the non-biocompat- 
ible material is sandwiched between other layers, such that 
the material is not exposed to body fluids or tissues. 

Coating material may be applied to individual surfaces by s 
painting, bonding with a suitable adhesive or mechanically 
fixing as appropriate to the material of the coating and 
material comprising the bulk of the stent body as will be 
appreciated by one with skill in the art Alternately, internal 
and external coadngs may be applied by insetting tubular jq 
wall 514 into an envelope or sleeve of suitable material as 
is discussed above. In one embodiment, the stent is dip 
molded over a highly polished internal mandrel to produce 
a smooth walled interior layer. 

The exterior coating 529 which will contact the arterial 15 
wall is optionally made porous to enable the release of drugs 
to the treatment site. Advantageously, the stent permits drug 
delivery directly to a preselected site in a body lumen. 
Alternatively, the provision of a smooth coating on the 
exterior surface of stent 510 serves, in part, to inhibit scar 20 
tissue or normal epithelial cell proliferation fipom penetrating 
the aperture in the engagement elements, discussed below. 

The wall thickness of the stent 510 will vary depending on 
the required application. The wall thickness of the stent 510 
should be sufScient when the stent 510 is in its expanded ^ 
configuration to withstand radially inwardly directed force 
exerted by the vascular wall 512. However, the wall should 
be sufficiently thin for a selected construction material to 
enable the stent 510 to self-expand and to be contracted by 
an extraction catheter of the present invention. In addition, 30 
the stent should exert sufficient pressure against the arterial 
wall to minimize or' prevent migration away from the 
treatment site. The optimal balance of expanded outer diam- 
eter and expanded wall thickness can be determined through 
routine experimentation by one of skill in the art. 35 

Typically, the unexpanded wall thickness of a latex stent 
510 for coronary artery applications is preferably between 
about 0.05 and about 4 mm. More preferably, stent 510 has 
an unexpanded wall thickness between about 0.2 and about 
2 mm. In some cases a wall thickness less than about 0.05 ^ 
mm may be desired, depending upon the etiology of the 
condition being treated. In addition, some instances may 
require a wall thickness of greater than about 4 nwn. 

The wall thickness will generally be substantially uniform 
throughout the axial length of the stent 510. However, the 
wall thickness on the medial portion of the stent 510 may be 
different from the wall thickness at the proximal 516 and/or 
distal ends 518 of the stent 510, su^ as in the case of 
stamped or rolled stents, to affect the expanded configuration 
or strength profile of the stent. 

The expanded outer diameter and axial length of the stent 
510 will vary with the specific intended application. One 
skilled in the art will be readily able to choose the appro- 
priate insertion diameter of the stent 510 depending on the 55 
diameter of the artery 513 to be treated and the maximum 
expandable diameter of the stent 510. Preferably, the stent is 
longer than the treated wound, thus minimizing proliferating 
cells at the Ueatment site fi:om migrating around the proxi- 
mal end 516 and distal end 518 of the stent go 

A typical stent 510 is able to expand to at least about 
200% of its insertion diameter and preferably, to as much as 
500% or more , of its insertion diameter. Optimally, the 
clinician will choose a stent such that the stent 510 will be 
expanded to an implanted diameter which is between about 65 
3CiO% and 400% of the insertion diameter. The implanted 
diameter will typically approximate the native diaxxieter in 



the absence of the stenosis, which is on the order of about 
0.10 inches to about 0.14 inches in the coronary artery. 

Preferably, stent 510 has an insertion (reduced) outer 
diameter between about 0.03 and 0.20 inches for a stent 
comprising latex. More preferably, stent 510 has an unex- 
panded outer diamet^ between about 0.04 and 0.10 inches. 
Both ideal outer diameter and ideal wall thickness will be 
determined by the inherent expandability of the material 
used and the size of the blood vessel to which the stent 510 
is to be applied, as will be apparent to one skilled in the art 
Therefore, the dimensions given herein should be consid- 
ered exemplary only. 

Further, the clinician will select a stent ilO having an 
axial lei^th that will sufficiently support the treatment site 
on the vascular wall 512. The axial length of the stent 510 
will typically be in the range from about 0.25 mches to about 
7.50 inches. Preferably, for coronary artery applications, the 
stent is within the range of firom about 0.5 inches to about 
2.0 inches. 

In peripheral vascular applications, stent lengths within 
the range of from about 2.5 inches to about 12.5 inches may 
be expected in most cases, although the length may vary 
considerably from case to case depending upon the anatomy 
and the underiying etiology at the treatment site. It may also 
be desired to implant two or more short stents end to end 
such as in a remote stenosis which may be difficult to reach 
with a longer stent due to its relatively low bendability, or to 
permit continued perfusion through a branch artery exiting 
between two adjacent stents. 

In accordance with another aspect of the present inven- 
tion, referring now to FIGS. 12-14, stent 510 of the present 
invention includes at least one proximal and one distal 
engagement element 526 spaced axially apart along the 
length thereof. The engagement elements can assume any of 
a variety of configtirations so long as they enable the 
retrieval cathetCT to accomplish an axial elongation of the 
implanted stent. Suitable configurations include holes and/or 
slits extending through the entire wall thickness of stent 510. 
Alternatively, recesses extending partially through the wall 
thickness of stent 510 or through the entire wall thickness of 
stent 510 excluding at least the most external coating may 
also be used. 

Preferably, the engagement element does not extend com- 
pletely through an exterior layer 529 adjacent tubular wall 
514 to provide the smoothest possible surface in contact 
with the vascular wall 512. Scar tissue penetration of the 
engagement elements can undesirably cause trauma upon 
removal of the stent 510. In addition, engagement elements 
may be formed by incorporating one or more proximal and 
distal 0-rings into the inner surface of the stent wall, where 
the 0-rings are segmented to allow for radial contraction and 
expansion of the stent. 

One example of a configuration for an engagement ele- 
ment 526 of the present invention is illustrated in FIGS. 
12-14. However, other suitable shapes of the engagement 
elements may be chosen by one skilled in the art including, 
for example, round, oval, square and key hole shaped. 

The engagement element 526 illustrated in FIG. 12 com- 
prises an aperture 530 extending through the wall of stent 
510, including any coating on the iimer surface of stent 510. 
The engagement element 526 may or may not extend 
entuely through a layer on the external surface of stent 510, 
and is illustrated as not extending through an outer layer 529 
on the external surface of stent 510. 

The illustrated engagement element 526 in FIGS. 12-14 
further comprises a force dispersing stmcture 528 such as an 
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annular flange sunDunding at least part of the boundary of 
the aperture. Suitable force dispersing structures include 
metal or synthetic flanges, integral thickening of the tubular 
wall 514 and chemically, thermally or mechanically altered 
borders of the aperture which impart force dispersing prop- 5 
erties. These force dispersing properties desirably decrease 
the incidence of tearing tubular wall 514 during axial 
traction on the engagement element during insertion and/or 
retrieval of stent 510. As will be appreciated by those with 
skill in the art, the configuration of the engagement element 
526, with or without force dispersing structures 528, is 
equally suited to stents that are not self-expanding such as 
embodiments discussed above. 

The cross-secdonal configuration of the engagement ele- 
ment 526 is best understood by reference to FIG. 14. The 
engagement element 526 comprises a generally gromraet- 
shaped body having first and second opposing annular 
flanges 528 and 538 extending radially outwardly therefrom. 
When installed in a mbular stent 510. the opposing flanges 
528 and 538 compress a portion of the wall of the stent 
generally as illustrated in FIG. 14, to both secure the 
engagement element 526 to the stent 510 and also to 
minimize the outer profile of the installed engagement 
element 526. The engagement element 526 is further pro- 
vided with a central aperture 530 for receiving the installa- 
tion and removal tool. In a preferred embodiment, the wall 
539 of aperture 530 is provided with a surface having a 
radially inwardly, directed channel or concavity, which may 
be annular as illustrated, or only on the. contact surface, to 
removably receive a portion of the installation and removal 
tool. Engagement of the element 526 within the recess at 
wall 539 minimizes trauma to the vascular wall. 

Depending upon the particular design, engagement ele- 
ments 526 may be integrally formed with tubular body 514, 
or they may be drilled into or punched or otherwise mounted ^ ^ 
to the mbular body 514. Force dispersing strucUires 528 may 
also be integrally formed with tubular body 514 or may 
constructed after formation of tubular body 514, For 
example, the borders of engagement element 526 may be 
chemically, thermally or mechanically altered to create the ^ 
desired force dispersing properties. Additionally, both 
engagement element 526 and force dispersing stmctures 528 
may be generated at the same time such as by means of a 
punch press to form a grommet around a hole in tubular wall 
514, such as is illustrated in FIGS. 12 and 13. Preferably, the 
engagement element comprises a metal, and, more prefer- 
ably, a radiopaque and biocompatible metal such as gold. 

The number of engagement elements will vary with the 
design of stent 510 but should include at least one proximal 
and at least one distal engagement element. More preferably, 50 
the design of stent 510 will include two to five proximal and 
two to five distal engagement elements. Most preferably, the 
design of stent 510 will include either three or four proximal, 
and either three or four distal engagement elements. 

In general, radially symmetric spacing of multiple proxi- 55 
mal and multiple distal engagement elements around the 
periphery of the stem will distribute the axial forces during 
insertion and retrieval most efifectively to prevent structural 
failure of the stent. However, radially asymmetric spacing 
between the proximal engagement elements as compared to 60 
the distal engagement elements will allow the contact sur- 
faces of the proximal engagement means of the insertion/ 
retrieval catheter to engage only the proximal engagement 
elements and the contact surfaces of the distal engagement 
means of the insertion/retrieval catheter to engage only the 65 
distal engagement elements. The insertion/retrieval catheter 
is described in greater detail below. 



Inappropriate engagement of the distal engagement cle- 
ment of the catheter with the proximal engagement element 
of the stent can also be minimized by having a different 
number of proximal engagement elements compared to the 
number of distal engagement elements, or by having differ- 
ent shaped proximal engagement elements from the shape of 
the distal engagement elements, and having corresporiding 
configurations of the contact surfaces of the insertion/re- 
trieval catheter. Further, combinations of asymmetric spac- 
ing, unequal numbers and/or dissimilar shapes can be used 
as will be readily apparent to one with skill in the art. 

In accordance with another aspect of the present inven- 
tion, die engagement elements 526 of stent 510 may be 
constructed to serve as radiopaque mariceis to identify the 
position of the sent in vivo, and/or the. position of the 
engagement elements themselves. This can be accomplished 
by impregnating the borders of the engagement element with 
radiopaque substance or by fonning the force dispersing 
structure 528 or the entire engagement dement from radio- 
paque material, among odier techniques known to those with 
skill in the art 

As illustrated in FIGS. 12 and 13, the preferred embodi- 
ment is provided with four synunctrically spaced, elongated 
proximal engagement elements and four symmetrically 
spaced, elongated distal engagement elements. The central 
aperture in the engagement element is in the shape of an 
oval, having a narrow dimension of about 0.010 inches, a 
lengtii dimension of about 0.075, and oriented with the long 
axis of the oval extending generally parallel Vo the longitu- 
dinal axis of die stent This configuration is intended to be 
exemplary only, and round or other aperture configurations 
may alternatively be used. 

Another aspect of the present invention comprises an 
insertion/retrieval catheter 550 for use with the cardiovas- 
cular stent 510 of the presoit invention. One embodiment of 
the catheter 550 is illustrated in HG. 15. 

The catheter 550 preferably includes an inner tubular 
body 552 havmg one or more contact surfaces 554 for 
contacting the proximal engagement elements of the stent 
510. The mbular body 552 can comprise a segment of 
hypotube, an extrusion, or a lengtii of coiled spring wire 
coated with Teflon®, a PVC sleeve, or other material to 
inhibit axial expansion under die pulling force necessarily 
exerted during operation of die catheter as will be apparent 

A central support 556 such as a guidewire or tubular body 
is provided with one or more contact surface 558 for 
contacting the distal engagement elements of the stent 510. 
In one embodiment, support 556 is a tubular body such as a 
spring coil having an inside diameter of about 0.015 inches 
to permit over the wire positioning using a 0.014 inch 
diameter guidewire. 

The mechanism of operation of the catheter 550 is similar 
to the mechanism of operation of the extraction catheter 
described in previous embodiments. In brief, when the 
contact surfaces 554 and 558 have engaged the proximal and 
distal engagement elements of die stent, the support 556 is 
moved in an axial direction away from the tubular body 552. 
The axial stretching force applied to stent 510 causes the 
stent 510 to become elongated and simultaneously reduced 
in diameter to allow for insertion into or retrieval from a 
vascular site. Optionally, an outer tubular body 560 is also 
provided to assist in both the placement of the catheter, and 
atraumatic removal of the conuacted stent 

Referring now to FIG. 15, contact surfaces 554 are 
mounted on spring elements 566 and contact surfaces 558 
are mounted on spring elements 568. Each spring element 
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566 comprises a spring wire or ribbon attached such as by 
soldering to the tube 552 and extending radially outwardly 
from the tube 552 in an inclined manner towards the contact 
surface 554. Preferably, the contact surface 554 is disposed 
at the peak of a generally proximally facing curve or 5 
hook-shaped segment of spring element 566. In this manner, 
contact surface 554 can be positioned within aperture 530 of 
the engagement element 526, and, in particular, within the 
concavity or channel formed on the wall 539 of s^erture 
530. 

10 

Spring element 566 extends distally from contact surface 
554 along a radially inwardly inclined ramp 570. Ramp 570 
facilitates introduction of the spring element 566 into the 
central lumen 515 of a tubular stent. The distal end of spring 
element 566 is preferably connected such as by soldering to 
an annular ring 572 which is axially movably positioned 
over tubular body 55Z In the illustrated embodiment, each 
of the remaining three spring elements are similarly config- 
ured and connected to annular ring 572. In this manner, 
radial inward compression of the ramp 570- causes the four 
spring elements to move in unison, as the annular ring 572 ^ 
travels axially along tubular body 552. 

In a reciprocal fashion, each spring element 568 is con- 
nected at its proximal end to an annular ring 574, axially 
movably disposed over the support 556. The spring element ^5 
568 inclines radially outwardly from the point of attachment 
to annular ring 574, towards the contact surface 558. lb 
facilitate introduction of contact suiface 558 within the 
central lumen 515 of a tubular stent 510, the spring element 
568 preferably inclines radially outwardly to a point 576 
which is at a maximum distance from the support 566, and 
then inclines slightly radially inwardly before reaching 
contact surface 558. This provides a slight distally facing 
introduction ramp on the spring element 568 to permit 
introduction of surface 558 into the central lumen 515, but 
then spring radially outwardly into aperture 530 of an 
engagement structure 526 to engage an annular wall 539. 
The spring clement 568 thereafter inclines radially inwardly 
in the distal direction to a point of attachment to support 556. 
It should be noted that support 556 can alternatively com- ^ 
prise a tubular structure, to permit "over the wire" position- 
ing of the catheter over a conventional guidewire. 

The contact surfaces 554 and 558 and the spring elements 
566 and 568 comprise any of a number of materials as will 
be appreciated by those with skill in the art Hiese include 45 
a variety of metals and polymeric materials. The spring 
elements 566 and 568 should be flexible and impart a 
radially outwardly directed bias at the thicknesses used. 
IVpicsd dimensions of the spring elements 566 and 568 
comprising stainless steel ribbon are 0.004 inches wide and 59 
0.0015 inches thick. Platinum or gold are also useful for 
their relative radiopacity. The exact dimensions, including 
length will depuid upon the stent design and material, as 
will be appreciated by one with skill in the art. 

The spring elements 566 and 568 are attached to mbular 55 
body 552 and guidewire 556, respectively, by a suitable 
adhesive, solder or by mechanical means. Preferably, the 
guidewire 556, tube 552 and spring elements 568 and 566 
can be soldered or brazed. The contact surfaces 554 and 558 
can be similariy secured to the spring elements 566, 568. 60 
Alternately, contact surfaces 554 and 558 may be integrally 
formed with spring elements 566 and 568, respectively. The 
exact means of attachment will depend on the material used 
for the tubular body 552, the guidewire 556, the spring 
elements 566 and 568 and the contact surfaces 554 and 558. 65 
The contact surfaces have a configuration such that they will 
engage the inner surface 539 on engagement elements 526 
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of stent 510. 

Referring now to FIG. 16, there is illustrated an alternate 
engagement element 526, as seen from the outer surface of 
the stent. The engagement element 526 comprises an aper- 
ture 530 and force dispersing flange 528. Hie aperture 530 
is further provided with a radially extending recess 531 to 
provide a keyhole type interfit m\h the catheter as will 
become apparent. 

Contact surface 554 on a spring element 566 is configured 
to engage a stent have an engagement element as illustrated. 
Note that the contact element has a generally mushroom 
shaped configuration to interlock within the recess 531. The 
radially outward end 540 of the contact surface 554 is of 
such a dimension that it will fit into the engagement element 
only at the side 532. Once the contact surface 554 has 
engaged the engagement element 526, axial traction on the 
contaa surface will cause it to move axially relative to the 
engagement element 526 and, thus, the radially outward end 
540 will slide between the force dispersing mechanism at the 
end 531 and the outer layer of the stent. 

In accordance with a further aspect of the present inven- 
tion, there is provided a method for retrieving an implanted 
elastomeric stent 510 of the type illustrated in FIGS. 12 and 
13. One embodiment of the retrieval catheter 550 for use 
with the stent 510 is illustrated in FIG. 14. The retrieval 
catheter 550 comprises an outer tubular body 5d0» an inner 
tubular body 552 and a guidewire 556. The inner tubular 
body 552 and guidewire 556 each have one or more contact 
surfaces and spring elements as discussed above. 

The implanted stent of FIG. 12 is approached for removal 
from the proximal end 516 thereof. The outer tube 560 is 
advanced distally until it is in the vicinity of the proximal 
end 516 of stent 510. The inner tubular body 552 and 
guidewire 556 are thereafter advanced distally so that spring 
elements 566. 568 carrying the contact surfaces 554, 558 
clear the outer tubular body 560. As the spring elements 566 
clear the outer tubular body 560 and the spring elements 568 
clears both the outer tubular body 560 and the inner tubular 
body 552, the contact surfaces will move radially outward. 
Once moved radially outward, the contact surfaces 554, 558 
are positioned withhi the stent until they engage the proxi- 
mal and distal engagement elements 526, respectively. Then, 
the inner tubular body 552 and guidewire 556 and moved 
axially with respect to one another causing stent 510 to 
stretch axially and thereby decrease in overall diameter, 
drawing it away from the vessel wall. Hie stent 510 is 
withdrawn from the body directly, or it may first be with- 
drawn into the outer tubular body 560 to minimize intra- 
vascular trauma. 

The catheter 550 can also be used for implantation of a 
tubular stent 510 at a preselected site in a body lumen. The 
stent 510 can be manually mounted on the engagement 
surfaces 554 and 558 under direct visual observation, and 
axially elongated by manipulating the catheter to extend the 
guidewire 556 distally with respect 10 tube 552. A thumb 
screw type or other conventional handpiece afSxed to the 
proximal end of the catheter 550 can be utilized to accom- 
plish this purpose. 

The catheter 550 having an axially extended tubular stent 
510 thereon is then introduced percutaneously and advanced 
transluminally along the vessel in accordance with conven- 
tional techniques. The stent is positioned at the treatment 
site, generally under radioscopic visualization. For this 
purpose, as described above, engagenmt structures 526 
and/or other components of the system can be constructed 
from a radiopaque material. 
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Once the stent has been positionedt the manipulator is 
adjusted to permit the contact surfaces 554 and 558 to 
advance axially towards each other, thereby releasing the 
axiaily elongating tension on the tubular stent 510. In the 
absence of the axially elongating force, the tubular stent 510 5 
resumes its initial, relatively expanded configuration against 
the vessel wall. The catheter 550 may thereafter be removed 
from the treatment site in accordance with conventional 
catheter removal techniques. 

The present invention may be embodied in other specific 
forms without departing from its spirit or essential charac- 
teristics. The described embodiments are to be considered in 
all respects only as illustrative and not restrictive. Hie scope 
of the invention is, therefore, indicated by the appended 
claims rather than the foregoing description. All changes 
which come within the meaning and range of equivalency of 
the claims are to be embraced within their scope. 

We claim: 

1. A tubular stent for implantation within a body lumen, 
said stent configured to reversibly radially self-expand from 

a first insertion diameter to a second, enlarged vessel- ^ 
supporting implanted diameter, and to radially reduce from 
the second, enlarged vessel-supportmg diameter to a smalls, 
retrieval diameter upon axial elongation thereof, said stem 
comprising a unitary tube formed of an elastomeric material 
and having a proximal end, a distal end and a central lumen ^ 
extending axially therethrough, and at Least a first engage- 
ment element near the proximal end and at least a second 
engagement element near the distal end, said engagement 
elements adapted to engage a catheter for manipulating the 
stent. 3° 

2. A tubular stent as in claim 1, wherein said elastomeric 
material comprises latex. 

3. A tubular stent as in claim 1, wherein said first 
engagemrat element comprises an aperture extending 
through at least a portion of the wall of the stent. 

4. A tubular stent as in claim 1, comprising at least three 
first engagement elements and at least three second engage- 
ment elements. 

5. A tubular stent as in claim 1, wherein at least one of said 
engagement elements comprises an aperture through the ^ 
wall of the stent, said aperture having a noncircular con- 
figuration with the long axis extending generally parallel to 
the longitudinal axis of the stent. 

6. A tubular stent as in claim 5, wherein said stent further 
comprises a reinforcing means surrounding the aperture for 
minimizing the risk of tearing the wall of the stent when the 
aperture is engaged by a catheter. 

7. A tubular stent as in claim 6, wherein said reinforcing 
means comprises a generally grommet shaped element hav- 
ing a first end on the radially inwardly directed surface of the 
stent and a second end on the radially outwardly facing wall 
of the stent. 

8. A tubular stent as in claim 7, wherein said reinforcing 
means further comprises a first flange on the first end thereof 
extending generally along the interior surface of the tubular 
stent, and a second flange on the second end thereof extend- 
ing generally along the exterior surface of the mbular stent 

9. A method of treating a preselected vascular site in a 
body lumen, comprising the steps of: . 

selecting a site to be treated in a body lumen; 
providing an elastomeric unitary tubular body, having a 

proximal end, a distal end, and central lumen extending 

therethrough; 

axially elongating the tubular body to reduce its diameter 65 
from a first, native vessel-supporting diameter to a 
second, reduced diameter. 
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positioning the tubular body at said preselected site; and 
permitting the first end and second end to move axially 
towards each other under resilient forces stored in said 
elastomeric unitary mbular body, thereby permitting 
the tubular body to self-expand its diameter from the 
second, reduced diameter towards the first, native ves- 
sel-supporting diameter at said preselected site. 

10. A method of removing an elastomeric tubular stent 
from an installation site in a body lumen, comprising the 
steps of: 

identifying an elastomeric tubular stent positioned within 
a body lumen, said stent having a proximal and a distal 
end, wherein said stent comprises at least a first aper- 
ture near the proximal end and at least a second 
tenure near the distal end, wherein each of said 
apertures is reinforced by a grorrmiet shaped element 
having a first end on the radially inward directed 
surface of the stent and a second end on the radially 
outward facing wall of the stent; 

positioning a stent retrieval catheto- within said tubular 
stent, such that ei^agement means on the distal end of 
the retrieval catheter are aligned with the apertures on 
the stent; 

engaging the tubular stent with the catheter; 
manipulating the catheter to cause an axial elongation of 

said stent, thereby reducing the radial diameter of the 

stent; 

maintaming an axial elongation force on the stent suflB- 
cient to overcome the radially enlarging bias imparted 
by the elastomeric material of the stent; and 

removing said catheter and said stent from the body 
lumen. 

11. A method of treating a preselected site in a body 
himen, comprising the steps ot 

positioning a self-expanding axially elongated unitary 
tubular stent at the preselected site; 

allowing the axially elongated stent to contract axially, 
thereby permitting the stent to self-expand radially 
from a first, reduced cross-sectional area to a second, 
enlarged vessel-supporting native cross-sectional area; 

permitting the enlarged stent to remain at the preselected 
site for a sufficient treatmrat period; 

axially elongating the stent to overcome the self expand- 
ing radial outward bias and to reduce the cross-sec- 
tional area of the stent firom the second, enlarged 
vessel-supporting native cross-sectional area to an area 
which is less then the cross-sectional area of the body 
lumen at the treatment site; and 

thereafter removing the stent. 

12. A self-expanding tubular stent for implantation within 
a body lumen, said stent configured to reversibly radially 
expand from a first insertion diameter to a second, enlarged 
implanted diameter, and to radially reduce from the second, 
enlai^ed diameter to a smaller, retrieval diameter upon axial 
elongation thereof, said stent comprising a tubular elasto- 
meric material and having a proxirnal end, a distal end and 
a central lumen extending axially therethrough, and at least 
a first engagement element near the proximal end and at least 
a second engagement element near the distal end, said 
engagement elements adapted to engage a catheter for 
manipulating the stent where at least one of said engagement 
elements comprises an aperture through the wall of the stent, 
said aperture having a noncircular configuration with the 
long axis extending generally parallel to the longitudinal 
axis of the stent, and where said ^lerture is surrounded by 
reinforcing means for minimizing the risk of tearing the wall 
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of the stent when the aperture is engaged by a catheter, and 
where said reinforcing means comprise a generally grommet 
shaped element having a first end on the radially inwardly 
directed surface of the stent and a second end on the radially 
outwardly facing wall of the stent, and a first flange on the 
first end thereof extending generally along the interior 
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surface of the tubular stent, and a second flange on the 
second end thereof extending generally along the exterior 
surface of the tubular stent 
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